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QUANTITATIVE AND QUALITATIVE DATA ON THE PIGMENT
CELLS OF ADULT HUMAN EPIDERMIS*
RENATO J. STARICCO, Mi). AND HERMANN PINKTJS, Mi).
The morphology and physiology of the melanocyte have bee a studied thor-
oughly by numerous investigators (1, 2, 3). General agreement on many ques-
tions has been reached, but conflicting statements concerning several basic
points, and insufficient data concerning others were found in recent literature
when we became interested in the mechanism of pathologic and therapeutic
changes of human pigmentation.
Inasmuch as few relevant data were available, we decided to accumulate figures
concerning the number of melanocytes in relation to age, race, and sex, arid on
their distribution according to regions of the body and topography of epidermal
ridges. When this question was being investigated, it also became necessary to
concern ourselves with the debated problems of the relation of the melanocyte to
the basal and prickle cells, and with the exact localization of melanin granules
in the human epidermis.
MATERIAL AND METHODS
Normal skin was obtained fresh from the operating rooms of the Detroit Re-
ceiving Hospital. A modification of the enzymatic splitting method used by
Billingham and Medawar (4), Becker, Fitzpatrick and Montgomery (5), Szabo
(6) and others for similar purposes was employed to obtain sheets of epidermis.
As shown by Felsher (7) and later by Hambrick and Blank (8), solutions of cer-
tain salts of the Hoffmeister series are effective in separating the epidermis from
the corium. Sodium bromide was selected for our work, because a 2N solution
effected clean splitting in reasonable time, preserved cellular structure well, and
did not interfere with the dopa or silver impregnation technics. Table I shows
comparative data with the use of several electrolyte solutions. Time of separation
was found to he proportional to thickness and size of the specimens. It was there-
fore important to trim aivay fat tissue and as much of the eorium as possible. The
diameter of a fragment of skin should not exceed two centimeter. The epidermal
sheets should not be exposed to fixatives before imniersion in the dopa solution.
Sixty three specimens of skin were obtained from white and Negro patients.
As many different regions as possible were included in the study. All counts were
made on epidermal sheets (Fig. 1) stained ivith dopa according to the method
shown in fable 11. A magnification of 430 diameters was used for counting, in
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TABLE I
Separation of epidermis from corium
Solution Time and Degree of Separation Dopa Reaction
0.1 N acetic acid 3—5 hours, complete negative
2N sodium iodide 2—3 hours, complete? positive, poor
2N sodium bromide 3—4 hours, complete positive, good
iN sodium thiosulfate no separation in 24 h.
2N sodium acetate no separation in 24 h.
2N pot. dichromate no separation in 24 h.
iN potassium acetate no separation in 24 h.
2N sodium chloride no separation in 24 h.
Fm. 1. Sheet of normal human epidermis separated from corium by use of 2N solution
of sodium bromide, treated with dopa, fixed in formalin, cleared and mounted. Photo-
graphed from dermal surface, 00 X. Melanocytes black. The large black rings arc cross
sections of sweat ducts.
TABLE II
Preparation of sheets of epidermis
1. Cut away fat tissue and as much dermis as possible
2. Wash specimen in normal saline
3. Immerse specimen in 2N solution of sodium bromide at room temperature for
3 to S hours.
4. Remove epidermis by gentle teasing
5. Rinse epidermal sheet in distilled water for 1 minute
6. Incubate sheet in buffered dopa solution* at 37° C. for one hour, changc solution
and incubate for 6 to 7 hours
7. Fix in 10% solution of formalin for several hours (overnight)
8. Dehydrate in alcohol and xylol and mount in suitable resin between slide and
cover slip, dermal surface uppermost.
* Buffered dopa solution: 25 ml. of 0.1% d-l dopa, 6 ml of 0.88% dibasic sodium phos-
phate, 2 ml of 0.9% monobasic potassium phosphate.
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TABLE III
Melanocyte connis
Case Age Race Sex Specific Location of Me!anocytes
Lower extremities
1 30 C F IJorsum of Foot 1440
2 67 W M Thigh 1320
3 26 W M Thigh 1300
4 40 W M Thigh 1100
5 63 W M Thigh 1024
6 40 W M Thigh 1000
7 4 C F Thigh 1000
8 35 C M Thigh 995
9 30 C F Ankle 912
10 35 C F Thigh 750
11 50 C F Ankle 500
Mean: 1031
Abdomen
1 75 W M Epigastrium 1273
2 62 W M Lower abdomen 1200
3 56 W F Left lower quadrant 990
4 55 W F Right upper quadrant 950
5 60 W F Right flank 900
6 65 W F Pelvic region 820
7 45 C F Pelvic region 700
8 36 C F Inguinal region 688
9 60 C F Epigastrium 640
10 45 W F Right upper quadrant 600
11 38 C F Linea alba 60()
12 40 W F Right upper quadraist 550
13 50 C M Inguinal region 500
14 53 C M Inguinal region 500
15 6 C M Inguinal region 400
Mean: 754
Genitals
1 56 W M Scrotum 27S4
2 Inf. C M Prepuce 2050
3 Inf. W M Prepuce 1950
4 Inf. C M Prepuce 1800
5 Inf. W M Prepuce 1600
6 ml. W M Prepuce 1600
7 liii. C 11 Prepuce 1250
8 52 C M Scrotum 1250
9 ml. C M Prepuce 1200
10 73 C M Shaft of penis 1200
Mean: 1668
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TABLE ITT—Continued
Case Age Race Sex Specific Location of Melanocytes
Upper extremities
1
2
3
4
5
6
7
8
9
52
28
23
24
55
22
28
55
65
\V
W
W
W
W
W
C
W
W
M
M
M
M
F
M
F
F
M
Upper forearm
Forearm
Forearm
Forearm
Forearm
Forearm
Wrist, dorsum
Forearm
Arm
2500
1500
1250
1200
1216
1150
1000
950
950
Mean: 1302
Head and neck
1
2
3
4
5
6
7
8
9
10
11
27
29
65
36
32
27
27
55
45
6
63
C
W
W
C
C
C
C
W
W
C
W
F
M
M
F
M
M
F
M
M
M
M
Chin
Scalp
Right ear
Nostril
Zygoma
Upper lip
Ear
Anterior neck
Anterior neck
Chin
Scalp
2000
1870
1535
1500
1450
1350
1350
1050
1040
900
700
Mean: 1340
Chest
1 59 C F Breast 1050
2 23 C F Breast 1050
3 54 W F Breast 850
4 37 W F Anterior tipper axillary 800
5 37 C F Presternal 550
Mean: 860
Back
1
2
36
32
W
W
M
F
Lumbar
Costovertebral angle
1290
1390
Mean: 1340
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each specimen, dopa positive cells in from 8 to 20 square fields with a side length
of 250 M. The number of melanocytes per square millimeter was calculated by
conversion.
RESULTS
A. Number, Size and Shape of Dendritic Cells
Individual figures obtained for seven major regions of the body are listed in
Table III. A summary of mean values is shown in Table IV, which also lists com-
parable figures published by Szabo (6) while this work was in progress.
Our counts confirm Szabo's findings that there are wide individual and regional
variations. It is evident that Negro skin generally does not contain more melano-
cytes per square unit than white skin. The number of counted specimens is hardly
large enough for statistical analysis, but in several regions, there is a trend for
colored skin to be at the lower end of the scale. Age and sex seem to he of no
consequence. The number of melanocytes varies from a minimum of 400 cells
per square millimeter to a maximum of 2784. The mean of all 63 counts is 1155
cells per mm2, but the mean for individual regions ranges from 754 on the abdo-
men to 1668 on the male genitals.
The findings of other authors were confirmed that the melanocytes are poly-
dendritic cells furnished with a central nucleus, which remains unstained by
dopa, and a cell body of variable size (pericaryon). In the region of the abdomen,
chest, and extremities, the melanocytes generally have two polar branches, from
which secondary dendrites may arise (Fig. 2). On the face and genitals, where
melanocytes are more numerous, they usually have a stellate appearance (Fig. 3).
Their size seems to be more uniform in these areas. In areas with few melanocytes,
dimorphism of cells may occur. A cell having a large pericaryon with thick, long
dendrites may lie among a variable number of smaller melanocytes with few short
dendrites.
The pericaryon of all melanocytes was seen between the basal cells, near or at
the dermal surface of the epidermis, often comparable to the body of an octopus
that spreads its tentacles around objects. We did not encounter dopa positive
cells in the more superficial layers of normal epidermis.
TABLE IV
Summary of metanocyte counts
Number of (uses Region Melanocytes per mm' Mean Szabo's figures
ii lower extremities 500-1440 1031 500-1850
15 abdomen 400—1270 754
5 chest 550—1050 860
2 back 1290—1390 1340
9 upper extremities 950—2500 1302 820—1540
11 head and neck 700—2000 1340 1100—4500
12 genitals 1200—2784 1668
Total63 400—2784 1155
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FIG. 2. Bipolar melanoeytes io separated human epidermis treated with dopa. 600 X
Fio. 3. Stellate melanoeytes in separated human epidermis treated with dopa. 600 X
The dendrites may extend in various directions parallel to the dermal surface
or upward between the malpighian cells. They may change their course once or
repeatedly. However, the impression was gained that most cells have two or more
primary limbs from which secondary branches angle off at irregular intervals.
Dendrites often are seen to outline the polygonal shape of the unstained basal
* a
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cells by ascending in the intercellular spaces. They meet with branches from
other cells and seem to form a network.
Concerning the topographical distribution of melanocytes on the rete ridges
and the thin suprapapillary portions of the epidermis, we gained the impression
that the seemingly greater number of cells on the ridges, reported by Billingham
and Medawar and by Szabo, may be due in part to an optical illusion as will be
discussed later.
B. Localization of Melanin in the Epidermis
Melanin granules are disposed irregularly along the dendrites, which in dopa
preparations are visible only because of the granules they contain, the cytoplasm
itself remaining unstained. The uncertainty concerning length and shape of the
dendrites, which results from this fact, will be discussed later. It was our impres-
sion, however, that Negro skin contains larger and more highly dendritic cells
than light skin.
Inasmuch as Becker et a!. (5) were unable to recognize melanin granules in the
basal cells of sheets of epidermis hyperpigmented after prolonged exposure to
thorium X and concluded that the supranuclear caps seen in tissue sections are
an optical illusion, we made a special effort to investigate this point. The black
color of dopa melanin in epidermal sheets prepared by the method described over-
shadows the much lighter brown of preformed melanin to a great extent. Also,
the relatively great thickness of these preparations makes it difficult to recognize
the small numbers of natural melanin granules present in white skin. Close ex-
amination of Negro skin, however, permitted us to see preformed brown melanin,
but never black dopa melanin, inside the basal cells of naturally dark epidermis.
We then examined carefully 10—15 u paraffin sections of a variety of normal
and pathological skins stained with Giemsa solution, which turns the natural
brown of melanin into a blackish green through the addition of the azur compo-
nent of the dye. We convinced ourselves that it is possible to differentiate in such
sections, which granules are located in dendrites between the malpighian cells,
and which are located within the malpighian cells, where they are aggregated near
the nucleus or are scattered diffusely in the cytoplasm. In suitable specimens,
melanin granules can be seen mingled with keratohyalin granules in the same
cell. Keratin cells isolated from Negro skin by stripping with adhesive tape (9)
and viewed from the flat surface or at an angle, can be seen to contain melanin
granules. In acantholytic bullae of pemphigus in Negro skin, melanin is present
within the isolated prickle cells and can be recognized in sections as well as in
Tzanck smears. In some seborrheic verrucae, the cytoplasm of every cell of the
hyperplastic epidermis is crowded with melanin granules. In short, the presence
of melanin granules within the cells of all layers of the epidermis can be recog-
nized in normal and various types of pathologic skin.
On the other hand, in certain senile keratoses and other types of precancerous
change, iii some inflammatory diseases, such as lichen planus and certain cases
of dermatitis, and also in severe reactions to thorium X, little or no melanin is
found in the malpighian cells, while the melanocytes usually are large, highly
dendritic and crowded with melanin granules.
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DISCUSSION
Progress in the understanding and treatment of pigmentary disorders can be
expected from exact determination of basic facts concerning melanocytes and
melanogenesis. As Van Dujn (10) has pointed out, current theories of melano-
genesis are based on three different and not completely correlated areas of inves-
tigation: extract biochemistry, histochemistry, and morphology. Progress can
best be served by being aware of the gaps existent between the evidence derived
from these different approaches. Biochemical investigation has made great strides
in recent years, but the cytologic approach has lagged behind, and even some
basic facts are in controversy. While the majority of investigators accept the
neuro-ectodermal nature of the melanocyte in man, because this origin has been
proven for most other vertebrates through the work of experimental embryolo-
gists (Rawles (11)), one of the most active workers in the field of the pathology of
melanomas, Allen (12), insists that the melanocyte is a specialized basal cell,
thus following the teachings of Unna and Bloch. Still another view has been
expressed by Andrew and Andrew (13) who consider the "clear cells" of rat and
man as a transitional stage in the transformation of lymphocytes into epidermal
cells, a sequence claimed by them to be the normal mechanism of epidermal re-
generation. Andrew does not comment on the identity of the clear cell of inactive
white skin, and even of albino skin, with the melanocyte, an identity made
rather convincing by the work of Billingham and Medawar and others.
Te are thus confronted with three conflicting concepts claiming that the
melanocyte is either a derivative of the malpighian cell, or its precursor, or a
neuro-ectodermal symbiont of the epidermis. As far as human material is con-
cerned, all these statements are based on the examination of fixed and stained
tissues. It can not be pointed out often enough that the reading of sequences into
the fixed pictures of histologic sections is wide open to personal interpretation.
This is particularly true of claims for transformation of one cell type into an-
other. It is to be hoped that the genesis of the human melanocyte will soon be
settled by experimental means. Our own material, consisting entirely of fixed and
stained skin, cannot contribute to the solution of these questions. It may be
stated, however, that no intermediate forms were observed in our studies, and
that the morphologic similarity between the dendritic melanocytes and certain
glial astrocytes is striking indeed when separated sheets of epidermis are exam-
ined rather than sections.
Our observations mainly confirm, and to some degree extend, findings of
Szabo on adult skin, and of Becker and Zimmermann (14) on fetal skin. That
our quantitative figures were obtained by a somewhat different method for
separating epidermis and corium lends even more weight to their similarity with
those of the other authors.
A few observations deserve comment. One of these is the greater number of
melanocytes on the epidermal ridges in comparison to the valleys, as stressed by
Billingham arid Medawar and Szabo. The simple diagram of Fig. 4 illustrates
that melanocytes distributed evenly along the dermo-epidermal junction will give
the impression of crowding on the ridges to an observer looking at the epidermal
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F1G. 4. Diagram illustrating how melanocytes, which are spaced evenly along the dermo-
epidermal junction, appear crowded on the rete ridges for an observer looking at the epi-
dermal sheet from the dermal surface.
sheet from above, because more cells per unit are projected on the observational
plane. We do not contend, however, that there is no differential distribution of
cells, only that this is accentuated by the laws of optics.
Another point of interest is the variation in size of melanocytes from different
regions and from individuals of different color, and the observation of dimor-
phism of cells in the same area, also observed by Szabo (6). To attribute the
smaller size of cells in areas with larger numbers to crowding is a simple, but de-
batable explanation, which does not account for the simultaneous presence of
large and small cells in some of our specimens. Similar dimorphism was found
by Grand et al. (15) in tissue cultures of melanomas and was seen in tissue cul-
tures of normal human epidermis by Hu et al. (16).
Inasmuch as the melanocytes of Negroes seem to be generally larger and more
dendritic than those of light skin, one might postulate a parallelism between
length and number of dendrites and melanogenie activity. Support for this
hypothesis may be found in the greater size of melanocytes after moderate stimu-
lation by thorium X (Staricco and Pinkus (17)) and in the gradual increase of
size of fetal melanoblasts as reported by Zimmermann and Cornbleet (18). The
peculiar observation of Hu et at. that the melanocytes in the growing borders of
tissue cultures are smaller than in the original explants could also be explained as
a return to a less differentiated and less active stage. Most other cell types enlarge
under the conditions of tissue culture. It would not seem impossible that the
smaller size of melanocytes in the more populated regions indicates a lesser ac-
tivity of the individual cell. The occurrence of large and small cells in the same
specimen might indicate cyclic activity of individual melanocytes.
It has been commented on by others that the size and shape of melanocytes
and their dendrites can be recognized only when they are filled with melanin
granules, either natural ones or those of dopa melanin. This fact must be kept
in mind in any discussion. Even the size of the pericaryon can be judged only by
its content of granules. It appears likely that the "hole", in which the clear cell
seems to rest in routine sections, is not real, but is always filled with cytoplasm.
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In sections of normal skin fixed and stained for mitochondria no clear space is
seen, but a sizable pericaryon containing numerous mitochondria fills the distance
between the basal cells (Kropp (19)). Melanin granules often are distributed un-
evenly along the dendrites, and one has the impression of alternating bulges and
constrictions. Whether this is true or not, and even whether the knob-like terminal
swelling often described as an end plate is real, remains an open question. Bar-
ring the possibility of artefacts occurring prior to, or during fixation, it is tempt-
ing to interpret these pictures as due to migration or successive crops of melanin
granules from the perinuclcar zone, with eventual elimination of pigment at the
periphery. Proof of this mechanism must be reserved to observation of living
cells, possibly in tissue cultures. Grand (20) has described the breaking off of small
fragments of dendrites filled with granules in cultures of melanomas (clasmatosis)
and has considered this a mechanism of elimination of pigment from the tumor
cells. Similar pictures were recently seen by flu et al. in cultures of normal skin.
This observation leads to the question of the presence of melanin granules in
the malpighian cells of the epidermis. Masson (21) explained it by a mechanism
of cytocrine activity of the melanocyte, which transfers melanin granules di-
rectly into the basal cells. Other possible mechanisms for the appearance of
melanin in various types of cells have been mentioned in the literature. Niu and
Twitty (22) claim that during the metamorphosis of salamandcrs mesodermal
macrophages acquire the complete mechanism for mclanogenesis from degen-
erating larval melanoblasts. Fitzpatrick, Montgomery and Lerner (23) in dis-
cussing the pathogenesis of generalized dermal pigmentation in cases of wide-
spread malignant melanoma propose that melanin precursors escape from the
malignant cells and are oxidized to melanin in histiocytes. Becker et al. (5)
describe the discharge of melanin granules into the intercellular spaces of the
higher epidermis in skin stimulated by thorium X. While these authors consider
the process pathological, it would seem from observations in tissue culture that
this might be a physiological phenomenon, which possibly takes place already
in the deeper layers of the more slowly regenerating normal epidermis. The mal-
pighian cells then may simply phagocytize the discharged pigment. Whether one
or several of these mechanisms play a role in epidermal pigmentation cannot be
decided at this time.
We wish to reiterate, however, that melanin granules normally are found in
the malpighian cells. We agree with Becker et al. that under the conditions of
thorium X stimulation, as in some other pathologic states, the malpighian cells
may be free of pigment and that all the melanin may be present in the richly
arborizing melanocytes. (Staricco and Pinkus (17)). Under these conditions, a
pathologic block seems to exist, which either does not permit the melanocyte to
discharge its granules, or prevents the malpighian cell from accepting them
(Pinkus and Steele (24)).
SUMMARY
1V[elanocytes were identified by the dopa reaction and were counted in sepa-
rated cpidcrmal sheets of 63 surgical specimens of normal white and Negro skin
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from seven major regions of the body. A mean of 1155 cells per square millimeter
was determined, but individual counts ranged from 400 to 2784, and mean values
for various regions from 754 on the abdomen to 1668 on the male genitals. Very
dark epidermis did not contain more melanocytes than light skins. Results agreed
well with those of other authors.
Melanocytes are dendritic cells and always are distinctly different from mal-
pighian cells. No intermediate forms were observed. The possible significance
of variation in size and shape of melanocytes is discussed.
Melanin granules arc found also in the malpighian cells of normal and various
types of pathologic skin and can be identified in all layers of the epidermis by
a variety of methods. Under certain pathologic conditions, melanin may be found
in large quantity in melanocytes, but little or none in the malpighian cells. The
possible mechanisms for transfer of melanin from the pigment forming cells into
the epidermal cells arc listed. It is suggested that this transfer is blocked in certain
pathologic states.
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DISCUSSION
DR. S. W. BECKER, JR. (Chicago, Ill.): The presenters are to be congratulated
on a carefully conducted study. There is no disagreement that melanin leaves the
melanocytes. The dendrites of the melanocytes end at the granular cell layer
and melanin in the stratum granulosum and stratum corneum has to be outside
of these cells.
It is very difficult, however, to determine the location of melanin in the low'er
layers of the epidermis. Vertical sections will show melanin appearing to lie within
basal cells while horizontal preparations of the same piece of skin will show that
all of the melanin is within melanocytes.
The horizontal preparations are much better than the routine vertical sections
in determining the presence of melanocytes and the position of the melanin
granules; at present, the horizontal preparation would appear to be the most
reliable one to interpret.
There is some evidence that melanin granules may be altered mitochondrial
granules. The Initochondrial granules carry several enzyme systems so that pas-
sage of melanin granules from cell to cell would entail more than simple discharge
of an inert granule.
DR. EUGENE J. VAN SCOTT (Bethesda, Md.): I would like to ask if one finds,
using this technic, nevi which were clinically invisible, that is, fiat and non-
pigmented.
DR. HERMANN PINKU5 (in closing): I want to thank the discussers for their
questions and comments. It should be emphasized that Dr. Staricco's specimens
are not sections, but are whole mounts of sheets of epidermis separated in toto
from the corium by chemical action. In addition, we have examined many
thousands of tissue sections of normal and pathologic skin with various stains.
Giemsa solution is particularly useful because it stains cellular details well and
darkens the color of melanin granules so that they appear greenish black. Paraf-
fin sections of skin cut 10—15 ,u thick afford a good view of melanocytes and their
relations to the other epidermal cells without chopping the cells up too much.
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Sections and Tzanck smears of acantholytic epidermis, keratin cells isolated
from Negro skin by the strip method, and other material mentioned in our paper
permit the recognition of melanin granules within the cytoplasm of cells of all
the layers of the epidermis of normal and many types of pathologic skin. We
agree fully with Dr. Becker that epidermis under the influence of heavy irradia-
tion with thorium X and in some other pathologic conditions may show melanin
in the melanocytes only and not in the malpighian cells. We have convinced our-
selves, however, that this is the exception rather than the rule and believe it
signifies a pathologic block of the normal transfer of melanin from melanocytes
to malpighian cells. We have not examined sheets of epidermis from pigmented
nevi, and I cannot answer this question.
